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Abstract. The bacteria and the fungi are the main microorganisms responsible of 
biodegradation of hydrocarbons in the oil. In the isolation of bacteria was used soil samples polluted 
with hydrocarbons. Soils were collected from two oil sites - Ploieşti and the Suplacu de Barcău. There 
were obtained a number of 41 pure bacterial cultures, on which were analyzed the following aspects: 
colony forming units, morphological characters (Gram staining and bacterial cell shape) and cultural 
characters of colonies (shape, pigmentation, gloss, profile, degree of transparency, and edge of 
colony).  
Genera of bacteria identified were: Arthrobacter, Pseudomonas, Bacillus, Flavobacterium, 
Alcaligenes, Achromobacter, Brevibacterium, Clostridium, Corynebacterium, and Escherichia. 
Bacterial strains were tested on media with different concentrations of oil, aiming their biodegradation 
capacity of petroleum hydrocarbons. The microbial consortium was created of bacterial cultures which 
showed good and very good results, in the terms of their ability in the biodegradation of hydrocarbons.  
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INTRODUCTION 
 
The microorganisms involved in the remediation of the polluted soils have a special 
ecological importance, so they can be used in the remediation of the soils contaminated with 
hydrocarbons. Thus, the aromatic hydrocarbons even those with low solubility such as 
anthracene, phenanthrene, pyrene, 1,2-benzopyren, and crysten are microbiological 
decomposed in the soil and used as carbon and energy source necessary for growth of 
microorganisms (Toti et al., 2003). 
Many microorganisms have the ability to use gaseous hydrocarbons, liquid and solid 
aliphatic series, asphalt and aromatic as the sole source of carbon and energy and they 
decompose these in water, CO2 and lower molecular weight compounds (Zarnea, 1994).  
The bacteria and the fungi are the main microorganisms responsible for 
biodegradation of petroleum hydrocarbons (Abbassi and Shquirat, 2008).  
The process of remediation of soils contaminated with hydrocarbons by biological 
ways is known as bioremediation. The bioremediation is done through indigenous or 
introduced of especially created microorganisms (Rodica Stănescu et al., 2006). 
 The bacteria are mainly represented by the aerobic  species (Achromobacter sp., 
Acinetobacter sp., Actinomyces sp., Alcaligenes sp., Arthrobacter sp., Bacillus sp, 
Brevibacterium sp., Corynebacterium sp., Flavobacterium sp., Micrococcus sp., 
Mycobacterium sp., Nocardia sp., Pseudomonas sp., Spirillum sp., Serratia sp., Rhodococcus 
sp.,  Vibrio sp.), followed by the anaerobic species (Geobacter metallireducens, Thauera 
aromatica, Desulfococcus multivorans, Clostridium sp., Desulfobacterium cetonicum).  
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 The fungi that are particularly important in the hydrocarbon degradation are part of the 
following genera: Alternaria, Apergillus, Cephalosporium, Cladosporium, Fusarium, 
Graphium, Geotrichum, Mucor, Penicillium, Rhizopus, Trichoderma.  
 
 
MATERIALS AND METHODS 
 
The soil samples were collected from two different oil polluted sites in Romanian 
(Ploieşti and Suplacu of Barcău). 
Each soil sample (100 g) was placed in an Erlenmeyer flask and mixed with 900 ml 
sterile distilled water. The flasks were placed on a shaker (200 rpm) for 30 minutes at the 
room temperature.  
The obtained supernatant was left to stand 12 hours. 
 
Culture media used for counting and isolation of bacterial colonies 
For isolation and counting of total viable cells Topping medium (Toti et al., 2003) and 
Nutrient agarizat Merck medium (Meintanis et al., 2006) were used. 
The Topping culture medium was composed of: yeast extract - 2.5 g/l; peptone - 2.5 
g/l; agar - 12 g/l (Papacostea, 1976). 
Nutrient agar (Merck) had the following composition (Dragan-Bularda, 2000): meat 
extract - 3 g/l; peptone - 5 g/l; agar - 12 g/l; pH 7.2. 
Each medium was sterilized for 20 minutes at 121°C  
 
The culture medium used to test the ability of bacteria isolated biodegradative 
The culture medium for testing the biodegradative ability was the mineral medium 
Difco Bushnel-Hass Broth (Hanson et al., 1997, Hong et al., 2005). 
The mineral medium contained the following components (Cynthia S. Souza et al., 
2004): MgSO4⋅7H2O - 0.2 g/l, CaCl2 ·2H2O – 0,02 g/l, KH2PO4 – 1,0 g/l, (NH4)H2PO4 – 1, 0 
g/l, KNO3 - 1,0 g/l, FeCl3 – 0,05 g/l, agar – 12 g.  
All the components were dissolved in one litter of distilled water, and as carbon 
source were used different quantities of crude oil (2 ml/l medium and 4 ml/l medium). 
 
 
RESULTS AND DISCUSSIONS 
 
Isolation and enumeration of bacteria cultures 
The number of microorganisms in soil samples was determined by suspension-dilution 
method (10-1-10-9) by using 0.1 ml aliquots of each suspension.  
Sterilized distilled water was used to dilute suspensions. All the plates were incubated 
for a period of 48 hours at 28°C. 
 At 24 hours and 48 hours were visualized the bacterial cultures grown on plates and 
were examined the followings: 
 the colonies forming units (CFU). 
 the type of bacterial colonies (shape, luster, form, color, edge of colony). 
 the morphologic examination of bacterial cells. 
The most representative colonies were transferred on the Topping medium in order to 
obtain pure cultures. 
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Tab. 1 
The number of colonies forming units (CFU) 
 
Dilution 
Ploieşti Suplacu of Barcău 
Topping Nutrient agar Topping Nutrient agar 
24 hours 48 hours 24 hours 48 hours 24 hours 48 hours 24 hours 48 hours 
10-1 122 150 100 many 
colonies 51 108 2 105 
10-2 44 50 + mass 41 50 + mass - 68 4 61 
10-3 15 + mass 25 + mass 14 + mass 30 + mass - 66 2 59 
10-4 5 28 16 55 2 34 2 20 
10-5 4 31 2 27 - 5 - 15 
10-6 1 25 2 27 - 3 - 10 
10-7 - 29 2 1 + mass - 3 - 8 
10-8 3 6 - - - - - - 
10-9 - 5 - 14 - - - - 
 
It results from the table 1 that the soil polluted from Ploiesti area had a higher number 
of CFU compared with the soil polluted from Suplacu of Barcău. Also, was observed that the 
most bacterial colonies were formed on the Topping medium. 
 
The study of morphological and the cultural characters of isolated bacteria strains 
One of the objectives of this experiment was to isolate as many bacterial strains to 
determine their potential for biodegradation of hydrocarbons. For this reason, a first filtering 
bacterial strain was made by Gram staining, morphological examination and macroscopic 
examination of the colony to eliminate bacteria with similar strains. 
The summary of the results is presented in Tab. 2. 
 
Tab. 2 
Microscopic and cultural characters of isolated bacterial strains 
 
Bacterial 
strains Location 
Gram 
staining Bacterial form Cultural character of the colonies 
CBP1 Ploieşti G− Bacillary 
Circular, light orange, convex, glossy, 
translucent colony, with continuous edge 
CBP2 Ploieşti G− Coco-bacillary 
Circular, white, glossy, opaque colony,  with 
continuous edge 
CBP3 Ploieşti G+ Bacillary 
Circular, flat colony: 
 center of the colony is white and 
opaque; 
 edge of the colony is translucent 
white and gray still. 
CBP4 Ploieşti G− Coco-bacillary 
Undifferentiated, yellow, skin, glossy, 
transparent colony 
 
CBP5 Ploieşti G+ Bacillary Rhizoid, white-grey colony, thin wires 
CBP6 Ploieşti G− Coco-bacillary 
Circular, yellow, convex, opaque, flat colony 
and wavy edge 
CBP7 Ploieşti G+ Bacillary 
Circular, light gray, large, flat, translucent 
colony, continuous edge 
CBP8 Ploieşti G+ Bacillary 
Undifferentiated, skin, white-gray, matte, 
translucent colony 
CBP9 Ploieşti G+ Bacillary 
Circular, creamy white, large, flat, translucent 
colony, wavy edge 
90 
CBP10 Ploieşti G− Bacillary 
Circular, creamy white, glossy convex, 
translucent colony continuous edge 
CBP11 Ploieşti G− Bacillary 
Circular, white-gray, convex, glossy, 
transparent colony, continuous edge 
CBP12 Ploieşti G+ Bacillary 
Undifferentiated, white-gray, shiny, 
transparent colony 
CBP13 Ploieşti G− Coco-bacillary 
Circular, yellow, convex portions have 
opaque portions alternating with translucent 
colony, glossy and skin edge 
CBP14 Ploieşti G− Bacillary 
Circular, yellow, convex, glossy, translucent 
colony, continuous edge 
CBP15 Ploieşti G− Coco-bacillary 
Circular, yellow, skin, glossy colony, wavy 
edge 
CBP16 Ploieşti G+ Bacillary Flat, white, glossy, opaque colony 
CBP17 Ploieşti G− Cocci 
Undifferentiated, skin, glossy, transparent 
colony 
CBP18 Ploieşti G+ Bacillary 
Circular, white-gray, large, flat, glossy, 
opaque, colony wavy edge 
CBP19 Ploieşti G+ Bacillary 
Circular, white-gray, large, flat, glossy, 
opaque colony, toothed margin 
CBP20 Ploieşti G+ Bacillary 
Colon circular, white-gray, flat, shiny, 
translucent, wavy edge 
CBP21 Ploieşti G− Bacillary 
Circular, yellow, convex portions have 
opaque portions alternating with translucent 
colony, glossy and skin edge 
CBS1 
Suplacu de 
Barcău G− Bacillary 
Colon circular, white-gray, shiny, opaque, 
continuous edge 
CBS2 
Suplacu de 
Barcău G− Coco-bacillary 
Circular, yellowish-white, glossy, opaque 
colony, continuous edge 
CBS3 
Suplacu de 
Barcău G− Bacillary 
Circular, yellowish-white, glossy, translucent 
colony, continuous edge 
CBS4 
Suplacu de 
Barcău G+ Bacillary 
Circular, white-gray, shiny, opaque center 
colony is clear and wavy edge 
CBS5 
Suplacu de 
Barcău G+ Bacillary 
Undifferentiated, white-gray, shiny, 
transparent colony 
CBS6 
Suplacu de 
Barcău G− Bacillary 
Circular, white-gray, flat, high and 
continuous edge, glossy, opaque colony 
CBS7 
Suplacu de 
Barcău G− Bacillary 
Undifferentiated, skin, glossy, transparent 
colony 
CBS8 
Suplacu de 
Barcău G− Bacillary 
Circular, white-gray, shiny, translucent 
colony, continuous edge 
CBS9 
Suplacu de 
Barcău G− Bacillary 
Circular, yellowish-white, convex, glossy 
colony, continuous edge 
CBS10 
Suplacu de 
Barcău G− Bacillary 
Circular, yellow-orange, central, glossy 
colony, continuous edge 
CBS11 
Suplacu de 
Barcău G− Bacillary 
Circular or irregular, yellowish-white, 
convex, glossy colony, toothed edge 
CBS12 
Suplacu de 
Barcău G− Bacillary Undifferentiated, yellow, transparent colony 
CBS13 
Suplacu de 
Barcău G+ Bacillary 
Circular, white, small, umbonate, glossy 
colony 
CBS14 
Suplacu de 
Barcău G+ Bacillary 
Circular, white-gray, convex, glossy, opaque 
colony with a transparent and continuous 
marginal zone 
CBS15 
Suplacu de 
Barcău G− Bacillary 
Circular, orange, convex, glossy, opaque 
colony, continuous edge 
CBS16 Suplacu de G− Bacillary Circular, white ash, umbonate, glossy, 
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Barcău opaque colony, continuous edge 
CBS17 
Suplacu de 
Barcău G− Bacillary 
Circular, white-gray, convex, translucent 
colony 
CBS18 
Suplacu de 
Barcău G− Bacillary Undifferentiated, skin colony 
CBS19 
Suplacu de 
Barcău G+ Bacillary 
Undifferentiated, skin, gray, matte, 
translucent, colony 
CBS20 
Suplacu de 
Barcău G− Bacillary 
Circular, yellowish-white, convex, glossy 
colony 
 
After the microscopic and macroscopic examinations and comparing with literature 
data we assumed that bacterial strains belong to the following genera: Arthrobacter, 
Pseudomonas, Bacillus, Flavobacterium, Alcaligenes, Achromobacter, Brevibacterium, 
Clostridium, Corynebacterium and Escherichia. 
In further experiments we intend to continue the pursuit of biochemical characteristics 
of the validated microorganisms. 
 
The testing of the biodegradative capacity of bacterial genera 
After the morphological and cultural tests of the isolated bacterial strains followed the 
second stage of the experiment - to establish which bacterial cultures use the petroleum 
hydrocarbons as unique source of carbon. 
To achieve this objective, the isolated strains were grown on mineral medium in which 
were added different concentrations of oil. The plates were incubated at 24°C for seven days. 
In the Tab. 3 we present the results obtained from the testing of the biodegradation 
capacity of the isolated bacterial strains. 
 
Tab. 3  
The testing of the biodegradative ability of the studied bacterial strains  
  
Bacterial strain Mineral medium 
 without crude oil with 2 ml crude oil/ l 
medium 
with 4 ml crude oil / 
 l medium 
CBP1 +++ +++ +++ 
CBP2 +++ +++ +++ 
CBP3 +++ ++ - 
CBP4 ++ + - 
CBP5 ++ - - 
CBP6 +++ +++ ++ 
CBP7 +++ +++ + 
CBP8 +++ +++ ++ 
CBP9 +++ +++ - 
CBP10 +++ +++ +++ 
CBP11 +++ +++ +++ 
CBP12 + + - 
CBP13 +++ +++ +++ 
CBP14 +++ +++ +++ 
CBP15 +++ +++ +++ 
CBP16 +++ +++ +++ 
CBP17 +++ +++ +++ 
CBP18 +++ + +++ 
CBP19 +++ +++ +++ 
CBP20 +++ +++ +++ 
CBP21 +++ +++ ++ 
CBS1 +++ +++ +++ 
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CBS2 +++ +++ +++ 
CBS3 +++ +++ +++ 
CBS4 ++ +++ +++ 
CBS5 ++ ++ - 
CBS6 ++ ++ + 
CBS7 + + - 
CBS8 + +++ +++ 
CBS9 + + + 
CBS10 + + +++ 
CBS11 ++ ++ + 
CBS12 + ++ + 
CBS13 - + - 
CBS14 ++ ++ + 
CBS15 +++ +++ +++ 
CBS16 +++ +++ + 
CBS17 +++ +++ +++ 
CBS18 - +++ +++ 
CBS19 +++ +++ +++ 
CBS20 +++ +++ + 
Legend: + + + - Very well developed; + + - Well developed; + - Less developed; - Undeveloped 
 
Following the observations about the biodegradative capacity of the bacterial strains 
can relief the following aspects: 
a) The bacterial cultures had developed very well both on the mineral medium, 
considered control, and on the media with different concentrations of crude oil – 
the CBP1, CBP2, CBP10, CBP11, CBP13, CBP14, CBP15, CBP16, CBP17, CBP19, 
CBP20, CBS1, CBS2, CBS3, CBS15, CBS17, CBS19 strains.  
b) The bacterial cultures had a very good development both on the mineral medium 
and on the medium with 2ml/l crude oil and on the medium with a higher 
concentration of crude oil the development was only good or poor – the CBP6, 
CBP7, CBP8, CBP21, CBS20 strains. 
c) The bacterial cultures had a good development both on the mineral medium  and 
on the medium with 2ml/l crude oil and on the medium with a higher 
concentration of crude oil the development was only poor – the CBS6, CBS11, 
CBP14 strains. 
d) The bacterial cultures had developed poor both on the mineral medium and on the 
media with different concentrations of crude oil – the CBS9 strain. 
e) The bacterial cultures had a poor development on both minerals and the medium 
with a concentration of 4 ml/l crude oil and on the medium with 2 ml/l crude oil 
the development was good – the CBS12 strain. 
f) The bacterial cultures had a very good development both on mineral medium and 
on the medium with 2 ml/l crude oil and on the medium with a higher 
concentration of crude oil the development was inhibited – the CBP9 strain. 
g) The bacterial cultures had a good development both on mineral medium and on the 
medium with 2 ml/l crude oil and on the medium with a higher concentration of 
crude oil the development was inhibited – the CBS5 strain. 
h) The bacterial cultures had a very good development on the mineral medium; on the 
medium with 2 ml/l crude oil had a good development; on the medium with 4 ml/l 
crude oil was inhibited  – the CBP3 strain. 
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i) The bacterial cultures had a good development on the mineral medium; on the 
medium with 2 ml/l crude oil had a poor development; on the medium with a 
higher concentration of crude oil the development was inhibited – the CBP4 strain. 
j) The bacterial cultures had a poor development both on mineral medium and on the 
medium with 2 ml/l crude oil; on the medium with a higher concentration of crude 
oil the development was inhibited – the CBP7 strain. 
k) The bacterial cultures had a poor development on both minerals and the medium 
with a concentration of 2 ml/l crude oil and on the medium with 4 ml/l crude oil 
the development was inhibited – the CBP12, CBS7 strains. 
l) The bacterial cultures have been well developed both on mineral medium and on 
the medium with high concentration of crude oil; on the medium with 2 ml/l oil 
the development was poor – the CBP18 strain. 
m) The bacterial cultures had developed very well on medium with oil and the 
development was poor on mineral medium – the CBS8 strain. 
n) The bacterial cultures had a poor development both on the mineral medium and on 
the medium with 2 ml/l crude oil; on the medium with 4 ml/l crude oil had a very 
good development – the CBS10 strain. 
o) The bacterial cultures were not grown on mineral medium and on the medium with 
4 ml/l crude oil but had a poor development on the medium with low concentration 
of crude oil – the CBS13 strain. 
p) The bacterial cultures were not grown on mineral medium but had a very good 
development on the medium with crude oil – the CBS18 strain. 
 
CONCLUSIONS 
 
Generally, the biological methods for the remediation of petroleum hydrocarbons are 
based on the cooperation of more bacterium species.  
A pure culture of bacteria has not the metabolic ability to easy degrade certain 
compounds or it does not have the necessary biomass needed to degrade fast enough the toxic 
compounds. 
The microbial consortia will be made from different bacterial strains which use as the 
carbon source the crude oil hydrocarbons. 
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